Introduction
Concerns about the negative impacts of fish farming on wild salmonid populations are growing (Youngson et al., 2001; Naylor et al., 2005) . In Norway, production of farmed Atlantic salmon, Salmo salar L., has increased from approximately 4100 t in 1980 to more than 507 000 t in (ICES, 2005 , and both large-scale (e.g. owing to gear failure or storm damage) and small-scale (e.g. owing to handling errors) escapes occur (Statistics Norway, www.ssb.no) . In many Norwegian rivers, escaped farmed salmon outnumber the wild fish (Fiske et al., 2001) . Official data on the numbers of escapees are derived mainly from large-scale events reported by fish farmers, and little is known about the contribution of unreported escapes to the total escapement (Baarøy et al., 2004) .
Efforts have been made to recapture farmed salmon following large-scale escape events, but data from these fisheries have not been systematically collected, and the source of the escapees has sometimes been disputed. Most fish escape from fish farms when they are immature, but there is little information on the size of escapees. Release experiments with offspring of wild salmon indicate that size at escape and the time of year of their escape may influence both the survival of the escaped fish and their distribution (Hansen and Jonsson, 1989) .
Data on the distribution of escaped farmed salmon in the sea in Norway have been collected from the summer bag net fishery for wild salmon . However, more information is needed on the presence and geographical distribution of escaped farmed salmon in the sea. In a study in Northern Ireland, temporal variations in the catches of escapees were observed and related to escape events (Crozier, 1998) . Efforts to recapture escaped farmed Atlantic salmon in British Columbia, Canada, indicated that gillnets were the most successful gear irrespective of the length of time the escapees had been at large (Morton and Volpe, 2002 ).
The present study was conducted in Hordaland County (Figure 1 ), where several of Norway's earliest Atlantic salmon and rainbow trout, Oncorhynchus mykiss, farms were established in the early 1970s. More than 100 fish farms, with permits for approximately 300 net pen sites, are located in this region, and production in 2003 was approximately 110 000 t of salmon and rainbow trout (Table 1) , about 20% of Norwegian production. In comparison, the total catch of wild salmon in the rivers in Hordaland County was between 8.8 and 10.9 t annually in 2001e2003, about 0.01% of the farmed salmonid production in the region. Many of the wild salmon populations in the area have declined to historically low levels, particularly since 1990 (Skurdal et al., 2001) .
In 1997, the County Governor of Hordaland, Department of Environmental Affairs, opened a public fishery for salmonids in the sea during late autumn (from 1 October) and winter, after most wild salmon have entered fresh water, in an effort to reduce the number of escaped farmed fish in the sea. Annual catches in this fishery ranged from 5 to 15 t for farmed salmon and from 1 to 13 t for rainbow trout (Figure 2 ). Fishers reported the number and total weight of salmon and rainbow trout caught in this fishery. The aim of the present study was to gather more specific information from this fishery about the distribution of escaped farmed fish and to address the following questions:
(i) Can catch per unit effort (cpue) be used to assess the relative abundance of escaped farmed fish in different regions and different years? (ii) Will local escape incidents be apparent in the cpue? (iii) Can a fishery be used to reduce the abundance of escapees without damaging wild salmon populations?
Material and methods
Data collection
Participants in the fishery provided information on fishing gear and effort, including the number of nets set, net mesh size, and dates fished. For each fish caught, they (Table 2) . Supporting information on fish farm escape incidents, in the form of the estimated mean weight and number of escapees and the location and date of escape events, was provided by the Directorate of Fisheries, based on reports submitted by fish farmers. Escape events involving more than 500 fish that occurred during the fishing seasons were compared with data from the fishery. One event involving a smaller reported number of escapees was also included in the analysis.
Gillnets
Most fish were caught in gillnets with bar-measure mesh sizes ranging from 52 to 70 mm (Table 3) . Fewer than 40 fish were reported from gear and mesh sizes different from those shown in Table 3 , and these fish were not included in this study. Nets with bar-mesh of 66 and 70 mm were treated as one size category (Table 3) .
Except for a small number of nets set on the bottom in shallow water, floating nets were used and were usually mounted with a lead rope and a float line. The nets ranged in length from 25 to 30 m and varied in depth from 1.9 to 3.0 m, but the most commonly used net was approximately 2 m deep and approximately 25 m long. Both mono-and multifilament thread nets were used.
Geographical subdivisions
Catch statistics were collected for Hordaland County and for several geographical subregions. Based on topographical features and the availability of catch reports, the following five regions were designated (Figure 1): A: The Masfjord. The production of farmed salmon and rainbow trout in this fjord is relatively low compared with the rest of the county (Table 1) . B: The Osterøy Fjord system. This system is made up of several narrow fjords. Several large rivers drain into them, which can cause the formation of a surface fresh 
Catch per unit effort
The cpue for salmon and rainbow trout in each fishery was calculated daily, using the daily catch per net-night for each species. One net-night was defined as one net used during a 24-h period. The mean weekly cpue was the mean daily cpue in each week, and the mean cpue for a fishing season was the mean daily cpue in each season.
Scale reading
The scales were read using a microfiche print-reader by an environmental consultancy (Rådgivende Biologer As) experienced in using scale characteristics to distinguish escaped farmed salmon from wild salmon based on estimated smolt length and the presence of juvenile winter zones and accelerated early marine growth. The growth was calculated on a magnified printout, and the fish were categorized as being wild or escaped farmed fish according to the method described by . Analysis and visualization of genetic data Scale samples from the following three groups of escaped farmed salmon caught during the 2002/2003 fishery were used for DNA profiling: 24 grilse-sized salmon from Region A, and 27 grilse-sized salmon and 29 large salmon from Region E. DNA was extracted from four to six dried scales from each fish using a Qiagen DNeasy kit, following the procedure recommended by the manufacturer. Seven microsatellite loci were amplified: Ssa13.37, SsaF43, Ssa20.19 (Sanchez et al., 1996 (Sanchez et al., , 2000 , Ssa85, Ssa197, Ssa202 (O'Reilly et al., 1996) , and SsOSL85 (Slettan et al., 1995) . Polymerase Chain Reactions (PCR) were performed, and three to four different PCR products were combined and run on an Applied Biosystems ABI 3100 Genetic Analyser. Alleles were scored using the Genotyper Analysis Software version 3.7, with manual control of the automatically scored peaks.
The possible multiple origin of the samples of escaped farmed salmon was visualized by applying factorial correspondence analysis on microsatellite data as described by She et al. (1987) and Berrebi et al. (2000) , using the program Genetix 4.0 (Belkhir et al., 2000) .
Results
The catch reports included in this study corresponded to approximately 14%, 40%, and 20% of the total reported catches in the fishery for escapees (Figure 2 Most fish were caught in nets of >63 mm mesh, but the percentage of salmon and rainbow trout caught in nets of different mesh sizes varied between years (Table 3) , probably reflecting mesh sizes used and availability of the two species to the fishery. This was most clearly seen during the 2001/2002 fishery, when fishers in Region B used nets of 63e70 mm mesh to catch almost exclusively rainbow trout, while fishers in Region E used nets of 52 and 57 mm mesh and caught almost exclusively salmon (Table 2) . It was possible to compare mesh sizes used and weights of salmon and rainbow trout caught in Region C during the 2002/2003 fishery season because of the high fishing effort (Table 2 ) and the use of a wider range of mesh sizes in this region. Mean weight of both salmon and rainbow trout tended to increase with mesh size, and for a given mesh size, the salmon caught were approximately 1 kg heavier than the rainbow trout (Figure 3) . However, fish with a wide range of weights were caught in all mesh sizes. The morphology of the two species probably influenced their catchability in nets of different mesh size. The mean condition factor of the fish shown in Figure 3 (Table 4) .
Catches in Region A
The production of farmed salmon in Region A was low, between 0.4% and 1.5% of the total production in Hordaland County ( Table 2 ). The catches, however, were dominated by salmon (Table 2) , and the catch per unit effort of salmon was higher than for the other regions in the 2002/2003 and 2003/2004 fisheries. However, data from this region comprises catches of one fisher for the first three weeks of each fishing season, so detailed figures for cpue are not presented.
Catches in Region B
More than 50% of the farmed rainbow trout produced in Hordaland County was from Region B (Table 1) . Catches in the region were dominated by rainbow trout, and the cpue of rainbow trout was higher in Region B than in the the cpue of rainbow trout declined by two-thirds to approximately 1.0 during the same period ( Figure 4 , Table 1 ). This was further reduced to 0.7 in the 2003/2004 fishing season. This gradual decline in both reported catches (Table 2) (Table 2 ).
Catches in Region C
The trend in cpue in Region C was characterized by low, stable catches of salmon during all three fishing seasons (Table 2) (Figures 1 and 4) . In all, 5569 trout with a mean size of 3 kg were reported to have escaped. However, the mean size of the catch was 2.1 kg (s.d. ¼ 0.64), lower than the reported weight of the escapees.
The cpue of rainbow trout increased somewhat following these escape incidents, from close to zero to 0.5e1.0 fish per net-night. The effort in Region C was consistently higher than in other regions and corresponded to more than 50% of the total reported effort for each of the three fishing seasons ( Table 2 ). The cpue of rainbow trout remained higher for approximately six weeks after the two escape incidents (Figure 4 
Catches in Region E
Despite production in the Hardangerfjord basin accounting for 15e32% of the total production of rainbow trout in the county (Table 1) , the cpue of escaped farmed rainbow trout was very low in Region E compared with the other regions (Table 2, Figure 4 ). There was one reported escape incident south of Region E (Figure 1 ) that may have caused rainbow trout numbers to be higher than salmon numbers in the catches of two local fishers (54 rainbow trout vs. 17 salmon). These were the only catch reports received from the southern part of the Hardangerfjord basin.
The cpue of salmon in Region E generally remained higher than in the other regions, with catches of between 0.5 and 2 fish per net-night for long periods in both the 2001/2002 and 2003/2004 fishing seasons (Table 2, Figure 4 ). Two escape events were reported in the region during the fishing seasons. The first incident in January 2002 (Figure 4) was not reported to the Directorate of Fisheries by a fish farmer, but was reported by fishers. There was a slight increase in the cpue after the report of the alleged escape, but it was of shorter duration than the other cpue peaks linked to escape events (Figure 4) . A second escape incident (Figure 1 ) that occurred on 25 October 2002 appeared to overlap temporally with a rapid and prolonged increase in the cpue of salmon near the escape incident (Figure 4) . The cpue increased from close to zero to approximately four to five fish per net-night for the next six weeks. The total reported catch of more than 800 fish greatly exceeded the number of fish reported to have escaped (100 fish), but the size distribution of the catch ( Figure 5 ) corresponded well with the reported mean weight of 1 kg of the escapees. Within this catch, a group of large salmon weighing 9.0e19.5 kg was also caught, suggesting that they originated from more than one escape event. Fish from these two size categories were chosen for DNA profiling.
Comparison of DNA profiles
The sample of escaped farmed salmon used for DNA profiling from Region A in autumn 2002 consisted of 24 fish with a mean weight of 1.49 kg (s.d. ¼ 0.27). These fish were selected from a catch consisting of 96 grilse-sized salmon with a mean weight of 1.62 kg (s.d. ¼ 0.46), and were significantly heavier ( p < 0.05, t-test) than the sample from Region E of 27 grilse-sized fish (mean weight ¼ 1.21 kg, s.d. ¼ 0.14) that were chosen from the small size group caught in 2002 and shown in Figure 5 . The third group was 29 of the 40 salmon weighing more than 9 kg caught in Region E in autumn 2002 (mean weight ¼ 12.0 kg, s.d. ¼ 2.38).
The factorial analysis applied to the microsatellite data of the three samples ( Figure 6 ) strongly indicated that the two size groups caught in Region E originated in different genetic groups or farm strains. There was a high degree of genetic overlap between the grilse-sized salmon caught in Regions A and E, indicating that they belonged to the same farm strain.
Comparisons between regions
The mean weights of rainbow trout caught in Regions Scale readings indicated that 15 of these were escaped farmed salmon, 10 were wild salmon, and 2 were wild sea trout. The catch of wild sea trout was low, with only 38, 33, and 25 fish caught in 2001/2002, 2002/2003, and 2003/ 2004 , respectively. However, there was a clear tendency for the incidence of sea trout to be higher in the catch of nets with the two smallest mesh sizes used by the fishers (48-and 52-mm mesh size; Table 3 
Discussion
This study reports the first attempt in Norway to monitor the occurrence and estimate the relative abundance of escaped farmed salmon and rainbow trout using catch statistics from a gillnet fishery. It was not possible to derive estimates of total escapee abundance. The catch per netnight of both salmon and rainbow trout varied widely between years, geographical regions, and within regions between fishing seasons. Increases in cpue appeared to be synchronized with reported escape incidents, and changes in cpue probably reflect changes in the relative abundance of escapees. The large variability within and between regions in the sizes of escapees caught, and differences between the size of escapees caught and those reported from escape events suggest that escapees from small-scale unreported escape events make up a large proportion of the escaped farmed fish.
Although the production of farmed salmon in Hordaland County was approximately three to six times that of rainbow trout in 2001e2003, the catch of rainbow trout was greater than that of salmon (Figure 2) . The catches corresponded to 0.04% (24 t compared with 54 273 t) and 0.01% (20.5 t compared with 237 208 t) of the total production of rainbow trout and salmon, respectively, in Hordaland County during the same period. There appeared to be a general tendency for the cpue of both salmon and rainbow trout to be higher in sheltered fjord regions than in more exposed areas closer to the open sea, but we do not know the extent to which this pattern and the ratio of rainbow trout to salmon in the catches are influenced by the technical standards and operational procedures at the farms or the selectivity of the nets or fish behaviour in the cages and after they escape.
The high cpue of escaped farmed rainbow trout in Region B after the opening of the fishery in autumn 2001 may indicate that there had been one or more unreported escape incidents in this region. The marked reduction in cpue during the next two to four weeks may indicate that the abundance of rainbow trout was greatly reduced by the fishery, was a consequence of rainbow trout moving away from the area, or a combination of the two. Tagging experiments in Norwegian fjords have shown that rainbow trout are usually recaptured close to the release site (Jonsson et al., 1993) , although escaped farmed salmon have been recaptured as far away as the feeding grounds around the Faroe Islands (Hansen et al., 1999) and may be widely distributed geographically when they return as mature adults (Skilbrei and Holm, 1998) . Differences in behaviour between the two species may result in an increased catchability of escaped rainbow trout and may influence the effectiveness of the fishery in reducing the abundance of the two species.
Sea lice may have harmful impacts on wild sea trout and Atlantic salmon smolts migrating to sea (Finstad et al., 2000; Bjørn et al., 2001) , and harvesting escaped salmonids may reduce the potential number of sea lice hosts. During a research fishery conducted in Region B in April 2000, 141 escaped rainbow trout were caught with a mean infestation of 3.6 adult female lice per fish (J. C. Holst, pers. comm.). Reducing the stock of escaped farmed rainbow trout and salmon during autumn and winter, therefore, may reduce the infestation rate of lice on sea trout and migrating salmon smolts during spring and summer and improve the control of sea lice in fish farms (Heuch and Mo, 2000) .
Reducing the number of farmed salmon spawning in rivers, a cause of concern because of their genetic impacts on wild populations (Fleming et al., 2000; Naylor et al., 2005) , is another possible benefit of a fishery targeting escapees. The direct effect of the fishery on the numbers of escaped farmed salmon entering rivers is unknown, but the catch of 4e13 t of escaped farmed salmon in the autumn/winter fishery was comparable with the total catch of wild salmon, 6e11 t, in the rivers of Hordaland County in recent years. In addition, the unreported catch in the fishery for escapees has been estimated at approximately 40% of the reported catch (A. Kambestad, pers. comm.) . A large proportion of the catch of escaped farmed salmon consisted of immature fish known to have a low survival to maturity, probably depending on their size and the time of year they escape (Hansen and Jonsson, 1989) . However, their numbers in rivers may still be larger than wild salmon because of the extent of the salmon farming industry.
This study has demonstrated that, for several weeks following an escape incident, gillnet fishing could target escaped salmon and rainbow trout and reduce the numbers of escapees, thus lowering the risk of introgression with wild populations and removing potential sources of sea lice.
Several observations suggest that most of the salmon reported in this study were part of local small-scale escape incidents, or trickle losses, that are not reported to the authorities. Only one distinct escape event was evident in the cpue in the fishery, but there were clear differences between all geographical regions with respect to the size distribution of the salmon caught. Such differences, which were observed in all years, strongly suggest that a large proportion of the escapees originated in the same region as the fisheries, although escapees from other regions may have contributed as well. Furthermore, the size variability of the catches implies that the escapees originated from several different escape events.
The fishery for escaped farmed salmon in the autumn is possible because escaped farmed salmon enter rivers later in the year than wild salmon (Jonsson et al., 1990; Crozier, 1998) . However, fisheries for salmonids in seawater tend to exploit wild fish from a number of rivers (mixed stock fisheries), and such exploitation may conflict with conservation objectives for small stocks, especially if they support laterunning wild salmon. There is no evidence that large numbers of wild salmon and sea trout were caught in the fishery for escapees. The catch of wild sea trout was lower than expected, possibly because, first, many sea trout enter fresh water earlier in autumn; second, the populations of sea trout are at historically low levels of abundance in the Hardangerfjord basin; third, large net mesh sizes were used in this study. As most of the sea trout were caught in nets with the smallest mesh size, it may be appropriate to regulate the mesh size allowed in a fishery targeting escaped farmed fish to protect wild sea trout.
Currently, there is no systematic monitoring of escaped farmed salmon and rainbow trout in Norwegian coastal waters throughout the year. It is recognized that some of the large-scale escape events and most of the more frequent, smaller-scale escape events are not reported by fish farmers (Baarøy et al., 2004 ). An expert group, established to review methods to counteract the continued predominance of escaped farmed fish in Norway, particularly those that were part of unreported escape events, concluded that one possible approach would be to develop contingency plans to be activated when large-scale escape events occur (Baarøy et al., 2004) . The plan will use chemical analysis, genetic profiling, and other methods, individually or in combination, to trace the source and spread of escaped salmon. Recently, it was demonstrated that there is sufficient genetic differentiation between cultured strains of Atlantic salmon to separate them using microsatellite analysis . This study reports the first attempt to categorize groups of escaped farmed salmon by DNA profiling. Apparently, two of the samples originated in a common farmed strain, probably in use at two different fish farms. The clear differences in the DNA profiles between the two groups of escaped farmed salmon caught simultaneously in Region E indicate that the combination of genetic profiles with catch data, such as fish size, date of harvest, etc., can potentially improve the information derived from monitoring programmes for these fish.
